Hematopoietic cell transplantation (HCT) from a matched related donor (MRD) benefits many adults with acute myeloid leukemia (AML) in first complete remission (CR1). The majority of patients does not have such a donor and will require an alternative donor if HCT is to be undertaken. We retrospectively analyzed 226 adult AML CR1 patients undergoing myeloablative unrelated donor (URD) (10/10 match, n ¼ 62; 9/10, n ¼ 29) or MRD (n ¼ 135) HCT from 1996 to 2007. The 5-year estimates of overall survival, relapse and nonrelapse mortality (NRM) were 57.9, 29.7 and 16.0%, respectively. Failure for each of these outcomes was slightly higher for 10/10 URD than MRD HCT, although statistical significance was not reached for any end point. The adjusted hazard ratios (HRs) were 1.43 (0.89-2.30, P ¼ 0.14) for overall mortality, 1.17 (0.66-2.08, P ¼ 0.60) for relapse and 1.79 (0.86-3.74, P ¼ 0.12) for NRM, respectively, and the adjusted odds ratio for grades 2-4 acute graft-versus-host disease was 1.50 (0.70-3.24, P ¼ 0.30). Overall mortality among 9/10 and 10/10 URD recipients was similar (adjusted HR 1.16 (0.52-2.61), P ¼ 0.71). These data indicate that URD HCT can provide long-term survival for CR1 AML; outcomes for 10/10 URD HCT, and possibly 9/10 URD HCT, suggest that this modality should be considered in the absence of a suitable MRD.
Introduction
Recent advances in the understanding of the molecular pathogenesis of adult acute myeloid leukemia (AML) have refined our ability to provide prognostic information and risk determination for subgroups of patients and have helped in the development of risk-adapted therapeutic strategies. [1] [2] [3] Nevertheless, the optimal treatment approach remains controversial in many clinical situations. This is particularly true for patients in first complete remission (CR1), in whom treatment-related mortality has the potential to offset or exceed therapeutic benefits. Recent metaanalyses of prospective trials in adults with AML in CR1, which assigned participants to undergo allogeneic hematopoietic cell transplantation (HCT) from a human leukocyte antigen (HLA)-identical (matched) related donor (MRD) versus alternative treatments, suggested that allogeneic HCT offers a statistically significant advantage with regard to overall survival (OS) and relapse-free survival compared with chemotherapy or autologous HCT. This benefit is most obvious for patients with poorrisk cytogenetics, is less beneficial for patients with intermediaterisk cytogenetics and is lost for patients with good-risk cytogenetics. [4] [5] [6] Together, these analyses suggest an important role of MRD HCT for many patients in CR1. [7] [8] [9] Overall, only 30% of patients who are candidates for allogeneic HCT have a MRD to serve as a source for stem cells. With the growth of unrelated donor (URD) registries worldwide, the probability that a patient will successfully identify a suitable donor has increased dramatically. 10, 11 Yet, the benefit of URD HCT for the treatment of CR1 AML is unknown. Furthermore, the indications for the use of HLA mismatched donors when matched donors are not available for the treatment of patients in CR1 with low-, intermediate-or high-risk disease remain to be defined. Recent retrospective studies on URD HCT from two large registries indicate that a significant graft-versus-leukemia effect may be evident, and prolonged relapse-free survival might be achieved in some patients who are unlikely to be cured with chemotherapy alone; however, in both studies, nonrelapse mortality (NRM) seemed relatively high, possibly negating a net benefit. 12, 13 In addition, preliminary analyses from a prospective trial suggested a benefit of matched URD HCT compared with autologous HCT for patients with high-risk disease based on adverse cytogenetics or persistent disease after induction therapy.
14 These findings have prompted the use of URD HCT primarily as an option for AML patients in CR1 with high-risk features. 10, 11, 13, 15 It is conceivable, however, that patients with normal risk features could also benefit from this approach if NRM were relatively low. Therefore, the outcome of URD HCT for AML in CR1 deserves further investigation, as it is the study of predictors for adverse outcome in this clinical setting. To this end, we have retrospectively analyzed clinical outcome after URD HCT from a single center between 1996 and 2007, and compared it with our MRD HCT experience in the same time period.
Patients and methods

Study cohort
Patients X18 years of age who underwent HCT were identified from the computerized database at the Fred Hutchinson Cancer Research Center (Seattle, WA, USA) for this retrospective analysis. Patients were included if they had AML in CR1 at the time of HCT, underwent myeloablative conditioning, had either a matched sibling or URD with available high-resolution HLA typing data and received the first transplant between 1996 and 2007. For our analysis, AML at diagnosis was classified according to the 2001 World Health Organization classification. 16 Therefore, patients undergoing HCT before 2001 with a French-American-British Cooperative Group diagnosis of Refractory Anemia with Excess Blasts in Transformation were reclassified as having AML and were included in this analysis. CR was defined according to standard criteria proposed by an International Working Group. 17 Cytogenetic risk-group assignment was done according to the Southwest Oncology Group/ Eastern Cooperative Oncology Group criteria.
2 Pretransplantation comorbidities were assessed retrospectively using the HCT-specific comorbidity index. 18, 19 All patients were treated using protocols that were approved by the FHCRC Institutional Review Board. Informed consent was obtained in accordance with the Declaration of Helsinki.
HLA typing and matching
All related donors were HLA-matched siblings based on family studies. Histocompatibility testing and selection of unrelated donors are described in detail elsewhere. 20 In brief, highresolution typing methods for discriminating nucleotide differences encoded in exons 2 and 3 of class I HLA-A, C and B, and exon 2 of HLA-DRB1 and DQB1 included sequencing-based and oligonucleotide probe hybridization methods for human genomic DNA. Recipients and donors were defined as HLA-A, C, B, DRB1 and DQB1 allele matched (10/10) or mismatched in the graft-versus-host vector, the host-versus-graft vector, or bidirectionally. In the absence of matched donors, preference was given to donors with a single HLA locus disparity (9/10) over multilocus mismatches (8/10 or greater). 21 
Table 1
Pretransplant and transplant characteristics of the study cohort Abbreviations: ATG, antithymocyte globulin; CMV, cytomegalovirus; GVHD, graft-versus-host disease; HCT, hematopoietic cell transplantation; MMF, mycophenolate mofetil; TBI, total body irradiation; WBC, white blood cell.
Acute and chronic graft-versus-host disease (GVHD)
Criteria for diagnosis and grading of acute and chronic GVHD have been reported previously.
22,23
Statistical analysis
Unadjusted probabilities of OS and relapse-free survival were estimated using the Kaplan-Meier method, and probabilities of NRM, relapse and GVHD were summarized using cumulative incidence estimates. NRM was defined as death without earlier relapse and was considered a competing risk for the end point of relapse. Death without GVHD was considered a competing risk for GVHD and relapse a competing risk for NRM. Outcomes for time-to-event end points (overall mortality, relapse/death (failure for DFS), relapse, NRM and chronic GVHD) were compared between the MRD and URD groups using Cox regression, whereas logistic regression was used for acute GVHD. In the URD group, risk factors for overall mortality, relapse and NRM were evaluated using Cox regression. No adjustments were made for multiple comparisons, and all P-values derived from these regression models are two-sided. All statistical analyses were carried out using STATA 10 (StataCorp LP, College Station, TX, USA).
Results
Patient characteristics
Between January 1996 and December 2007, a total of 226 patients with primary or secondary AML in CR1 met our study inclusion criteria: 135 patients received MRD HCT, 62 patients had a 10/10 matched URD HCT, 23 patients had a 9/10 matched URD HCT, and 6 patients had a o9/10 matched URD HCT. The median duration of CR1 before HCT was 122 days (range: 10-526 days). More than one course of chemotherapy was required to achieve remission in 39.2% of patients (2 cycles in 30.4%, 3 or more cycles in 8.8%). Seventy six percent of patients received consolidation chemotherapy before HCT, including 41.6% receiving more than 2 cycles of consolidation therapy; high-dose cytarabine was used as consolidative therapy in 60.8% of patients. Other characteristics of the patients, conditioning regimens, and GVHD prophylaxis are provided in Table 1 .
Acute and chronic GVHD
In the entire cohort, the incidence of grades 2-4 acute GVHD was 70.9% after HCT among 220 patients with available data, whereas the incidence of grades 3-4 acute GVHD was 20.9%. At 2 years after HCT, the estimated probability of chronic GVHD was 49.6%. The incidence of acute and chronic GVHD at 2 years for the various donor groups, namely, MRD, 10/10 URD and 9/10 URD are shown in Table 2 . In unadjusted models among all patients in the MRD, 10/10 URD and 9/10 URD Abbreviations: GVHD, graft-versus-host disease; HCT, hematopoietic cell transplantation. (Table 3) . Figure 1a ), failure for DFS (HR 1.37 (0.89-2.13), P ¼ 0.16; Figure 1b ) and NRM (HR 1.88 (0.91-3.87), P ¼ 0.09) when compared with patients undergoing MRD HCT. In contrast, the risk of relapse was comparable (HR 1.15 (0.66-2.01), P ¼ 0.62; Figure 1c ) among these two groups. After adjustment for various covariates (cytogenetics, conditioning regimen, age, source of stem cells and comorbidities as expressed by the HCT-specific comorbidity index 18, 19 ), the HRs were 1.43 (0.89-2.30, P ¼ 0.14) for overall mortality, 1.33 (0.85-2.10, P ¼ 0.21) for failure of DFS, 1.17 (0.66-2.08, P ¼ 0.60) for relapse and 1.79 (0.86-3.74, P ¼ 0.12) for NRM (Table 4) .
OS, DFS, relapse and NRM
Similar univariate models for these main outcome measures were fit among patients who received 10/10 URD versus 9/10 URD HCT. The univariate models indicated that patients undergoing 9/10 URD HCT had higher, but not statistically significantly higher, failure rates for overall mortality (HR 1.24 (0.65-2.40), P ¼ 0.51; Figure 1a ), DFS (HR 1.19 (0.62-2.27), P ¼ 0.61; Figure 1b) , relapse (HR 1.27 (0.55-2.93), P ¼ 0.57; Figure 1c ) and NRM (HR 1.07 (0.38-3.01), P ¼ 0.89) when compared with patients undergoing 10/10 URD HCT. After adjustment for covariates (cytogenetics, comorbidities, primary versus secondary AML), the multivariable models indicated that the outcomes of patients undergoing 9/10 URD HCT were, for the most part, similar to those undergoing 10/10 URD HCT with regard to overall mortality (HR 1.16 (0.52-2.61), P ¼ 0.71), failure for DFS (HR 1.09 (0.48-2.44), P ¼ 0.84), risk of relapse (HR 1.43 (0.56-3.64), P ¼ 0.45), and NRM (HR 0.95 (0.32-2.78), P ¼ 0.92). Given these results, a comparison of the 9/10 URD group with the MRD group leads to similar HRs relative to the comparison of the 10/10 URD group with the MRD group (Table 4) .
In light of previous studies that have dictated the indication for HCT in this patient population, we examined the effect of donor according to the cytogenetic risk. There was no evidence to suggest that the difference in the outcome between 10/10 URD and MRD was influenced by cytogenetic risk (Figure 2 ), although this essentially amounted to comparing the donor effect in patients with intermediate-risk cytogenetics to that among patients with unfavorable cytogenetics because of the small number with favorable cytogenetics. Similarly, there was no evidence to suggest dependence of donor effect on either presence of secondary AML or HCT-specific comorbidity index (data not shown). 
Discussion
The findings from our retrospective analysis presented in this report support three major conclusions. First, the likelihood of OS and DFS at 5 and 10 years after myeloablative allogeneic HCT in our patient population exceeded 50%, suggesting that more than half of the adult AML patients in the first CR are or will likely be cured with this treatment modality, regardless of donor stem cell source. Second, compared with patients undergoing MRD HCT, the probability of an unfavorable outcome was somewhat higher for patients undergoing URD HCT, although chance remains a plausible explanation for this observation. Lastly, patients undergoing 9/10 URD HCT had, for the most part, similar outcomes with regard to overall mortality, failure for DFS, relapse and NRM when compared with patients undergoing 10/10 URD HCT, although the risk of developing grades 3-4 GVHD and chronic extensive GVHD was suggestively higher in the 9/10 URD group.
The optimal treatment of AML patients in CR1 has been a question of great debate over the last two decades. A large number of prospective trials have been conducted with the intent to define the indications of allogeneic HCT in this clinical situation. Recent studies and meta-analyses have suggested that allogeneic HCT from a MRD donor should be considered for patients with poor-risk cytogenetics, intermediate-risk cytogenetics with the exception of the nucleophosmin-1 positive/ fms-like tyrosine kinase 3 internal tandem duplication-negative subgroup, and favorable-risk cytogenetics if certain receptor tyrosine kinase mutations are present. [4] [5] [6] 9, 24, 25 By comparison, the indications for allogeneic HCT using URDs are less well defined, and there is currently considerable uncertainty about the appropriate patient selection for this treatment approach.
Our results are consistent with those of recent Australian and German studies reporting statistically similar outcomes for matched URD and sibling donor HCT for adult patients with AML; 26, 27 in both studies, however, only a minority of patients received HCT for AML in CR1, whereas the majority of patients had more advanced stages of AML (mostly first relapse or second CR). An additional prospective study from the French Society of Bone Marrow Transplantation and Cell Therapy showed similar outcomes of MRD and fully matched URD allogeneic HCT for patients with AML, chronic myeloid leukemia and myelodysplastic syndrome. 28 Although the studies by Moore et al. 
